Abstract The aging process causes many changes in muscle strength, and analysis of explosive force from handgrip strength seems to be useful and promising in studying the aging musculoskeletal system. Therefore, the purpose of this study was to investigate if explosive force parameters [rate of force development (RFD) and contractile impulse (CI) over the time interval of 0-200 ms from the onset of contraction] during handgrip efforts decline differently than maximum handgrip strength with increasing age. Twenty healthy young women (20-27 years) and 65 healthy elderly women, assigned into three age groups (50-64, 65-74, and 75-86 years), participated in this study. All participants performed two maximal grip attempts. Handgrip data were recorded as force-time curves, peak force, and explosive force parameters. Our results revealed that peak force decreased significantly (p<0.05) for those who are 65 years old, while explosive force parameters decreased significantly (p<0.05) for those aged 50 years. These data indicate that the decline in explosive grip force-generating capacity may begin earlier (i.e., for those aged 50 years old) than peak force during the aging process. Our findings suggest that the aging process reduces the explosive grip forcegenerating capacity before affecting peak force.
2006). Neurological changes are also associated with muscle function decay, affecting maximum voluntary force production (Doherty 2003; Klass et al. 2008) , and specifically, the capacity for rapid muscle force production (i.e., contractile rate of force development (RFD)) (Vandervoort and McComas 1986) .
As in daily life, many types of motor responses, such as fall prevention, are characterized by a limited time to develop force (0-200 ms), which is considerably less time than it takes to achieve a maximal contraction force (400-600 ms) (Aagaard et al. 2002) . Thereby, during such time-restricted contraction conditions (200 ms), the ability to develop a rapid rise in muscle force (i.e., high RFD force/time and contractile impulse, called explosive force) may be more important than maximal muscle force alone.
It is known that the ability to develop muscle strength in short-time intervals, also called explosive force, declines more rapidly than maximal muscle strength with increasing age, which has been shown predominantly for lower limb muscles (Clarkson et al. 1981; Skelton et al. 2002; Bean et al. 2002) . Both (i.e., muscle strength and explosive force) are important, but explosive force is a better predictor of certain functional activities, such as during fall events (Skelton et al. 2002; Bean et al. 2002) .
It is well-known that maximum isometric strength and RFD decline with age (Clarkson et al. 1981; Watanabe et al. 2011) , but this decline varies between muscle groups (Frontera et al. 1991) . Several studies have focused on lower extremity muscle groups, especially when RFD is studied (Klass et al. 2008; Pereira and Gonçalves 2011) , despite strong evidence in the literature that handgrip strength is a strong predictor of disability and mortality (Rantanen et al. 1998 (Rantanen et al. , 1999 ) and a more cost-effective clinical marker of sarcopenia (Lauretani et al. 2003) .
Notably, numerous studies have used or recommended maximum handgrip strength to investigate muscle strength decline across the aging process (Pereira et al. 2009 Cruz-Jentoft et al. 2010 ). In addition, Watanabe et al. (2011) compared 30 young women (ranging from 20 to 27 years) to 27 older women (ranging from 70 to 92 years) and demonstrated that maximum handgrip strength and RFD were smaller in older women.
The results from Watanabe et al. (2011) also indicate that handgrip RFD is impacted greater than maximum handgrip strength with increasing age, but they included only older women above 70 years of age. Despite this, it is known that muscle mass and force decline starts around the age of 40 and progresses at a rate of~8 % loss per decade until the age of 70, when muscle loss accelerates to~15 % per decade (Grimby and Saltin 1983) . Similarly, muscle strength is reduced by~10-15 % per decade until 70 years of age, and then by~25-40 % per decade thereafter (Hughes et al. 2001; Goodpaster et al. 2006) . Therefore, the purpose of this study was to investigate if handgrip explosive force, measured via RFD and contractile impulse, declines differently than maximum handgrip strength with increasing age.
Methods

Subjects
Sixty-five community-dwelling healthy elderly women and 20 healthy young women (age, 24±2 years; height, 164.2 ± 4.7 cm; weight, 60.1 ± 8.9 kg) volunteered to take part in the study. The elderly women were separated into three groups based on their age: 50-64 years (n=19; 59±5 years, 154.1± 1.0 cm, 64.8±12.5 kg), 65-74 years (n=27; 70±2 years, 150.0±1.0 cm, 68.8±17.4 kg), and 75-86 years (n=19; 78±3 years, 149.4±1.0 cm, 66.2±11.2 kg).
Volunteers were not engaged in structured physical exercise programs for at least 1 year before the study. An extensive health questionnaire was conducted by one of the researchers. Subjects were excluded from the study if they presented any orthopedic, neurological, cardiac, vestibular, visual, or psychiatric impairment which would not allow them to perform all the tasks in the study. Written informed consent was obtained from all subjects, and the university ethics committee gave approval for the study. Each subject underwent testing under the same instructions and conditions.
Handgrip maximal isometric force
Handgrip forces were measured using a custom-made strain gauge-based force transducer (EMG System Brazil, São José dos Campos, SP) with the recordings sampled at 2 kHz, as previously described by . Subjects stood with their arms hanging relaxed at the sides of their body. Then, they were instructed to position their dominant arm at 90°of elbow flexion and with their forearm in the neutral position. The device's handle was fit into their palm with the fingers at 90°flexion at the proximal and distal interphalangeal joints with the thumb in 90°abduction. Two handgrip maximal isometric force attempts with an inter-attempt rest interval of 1 min were performed, and the maximum handgrip force of each trial was identified. Subjects were carefully instructed to contract "as fast and forcefully as possible" after the command "go," sustaining the contraction for 3 s, when the command "stop" was given. The subjects were naive to the experimental procedures in order to mitigate a potential "learning effect." The greatest maximum handgrip force among trials was used for analysis.
The strain gauge signal was smoothed by a digital fourth-order, zero-lag Butterworth filter, with a cutoff frequency of 15 Hz (Aagaard et al. 2002) , and the capacity to increase force in short-time periods was determined as the area under the force-time curve in time intervals of 0-30, 0-50, 0-100, and 0-200 ms relative to the onset of contraction. The cumulated area under the force-time curve reflected the entire time history of the contraction(s) and can be called contractile impulse (CI) (Aagaard et al. 2002) . The average slope of the force-time curve (Δforce/Δtime) over the time intervals of 0-30, 0-50, 0-100, and 0-200 ms relative to the onset of contraction was calculated and is representative of RFD (Aagaard et al. 2002) . Despite the fact that both CI and RFD measure explosive force, they use different but complementary ways. The CI measures accumulated area under the force-time curve, which reflects the entire time history of contraction, including the overall influence of the various time-related RFD parameters (Aagaard et al. 2002) .
Onset of muscle contraction was defined as the time point at which the force curve exceeded the baseline by 2.5 % of the difference between baseline force and the maximum voluntary contraction (i.e., maximum handgrip force), as proposed by Aagaard et al. (2002) . All analyses were conducted using specific algorithms developed in MATLAB®.
Statistical analyses
One-way ANOVA with Bonferroni's multiple comparison was used to examine the differences in handgrip peak force and RFD from 0 to 200 ms between groups. A significance level of p<0.05 was used, and all statistical analyses were performed using PASW 18 statistical package (SPSS, Inc., Chicago, IL). Data are reported as means ± standard error (SE).
Results
Peak force demonstrated a significant main effect for group (F 3, 81 Fig. 3 ). Although no Fig. 1 Mean ± SE of peak force from women of four age groups (20-27, 50-64, 65-74, and 75-86 years old) . Number sign indicates a significant different from 65 to 74-year-old group and from 75 to 86-year-old group significant difference was found among the three older age groups, there was a trend of declining contractile impulse with advancing age.
Discussion
The purpose of this study was to investigate if explosive handgrip force declines differently than does maximum handgrip strength with increasing age. The major finding was that maximum handgrip strength exhibited a different decline only when comparing young women to older women 65-74 and 75-86 years of age, while explosive handgrip force exhibited a different decline between young women and all age groups of older women.
Our results corroborate those of Watanabe et al. (2011) , indicating that an explosive handgrip force is impacted to a greater extent than maximum handgrip strength with increasing age. However, Watanabe et al. (2011) only studied older women above 70 years of age, while, as reported in our study, muscle strength declined significantly after 50 years of age. Our findings demonstrate that maximum handgrip strength of older women was~16 % (group 50-64 years),~24 % (group 65-74 years), and~34 % (group 75-86 years) less than young women, while explosive force of older women was~59 % (group 50-64 years),~68 % (group 65-74 years), and~74 % (group 75-86 years) less than young women (group 20-27 years).
It is well known that muscle mass and force decrease early, around the fourth decade, and progresses at a rate of~8 % per decade until the seventh decade, when muscle mass and strength decrease accelerates (Hughes et al. 2001; Goodpaster et al. 2006 ). Paasuke   Fig. 2 Mean ± SE of contractile RFD from women of four age groups (20-27, 50-64, 65-74, and 75-86 years old) . Asterisk indicates a significant different from all other groups Fig. 3 Mean ± SE of contractile impulse from women of four age groups (20-27, 50-64, 65-74 , and 75-86 years old). Asterisk indicates a significant different from all other groups et al. (2000), examining older women assigned into age groups from the third to eighth (20-74 years old) decade, showed a significant decrease in the maximal voluntary force-generating capacity of the plantar flexors after the fifth decade (i.e., after 40 years old). Although we evaluated a different muscle group and included subjects from 50 to 86 years old, our results were similar in that explosive force, but not maximum strength, declined significantly after 50 years.
The ability to develop explosive force is influenced by the level of neural activation (Aagaard et al. 2002) , muscle size, and fiber-type (myosin heavy chain isoform) composition (Harridge 1996) , and all of these factors are influenced by the aging process (Doherty 2003) . Aagaard et al. (2002) postulated that a high muscular RFD from the lower extremity muscles may be of vital importance for the ability to rapidly regain balance during sudden postural perturbations, thereby potentially reducing the risk of falls in elderly individuals. Notwithstanding, we speculate that RFD, as well as contractile impulse, from forearm and hand muscles may assist functions of the lower limbs or trunk (e.g., grabbing a rail or other fixed supports) during falling events.
Based on the present results, we postulate that strategies to preserve or improve neuromuscular control of muscle actions should be implemented prior to reaching 50 years old, since handgrip RFD and contractile impulse appear to be more dependent on the nervous system control than muscle strength (Metter et al. 2004) .
Our results indicate that handgrip peak force decreases significantly after 65 years, while handgrip RFD decreases significantly after 50 years. These results reinforce the previous findings that explosive grip forcegenerating capacity is influenced more than the maximal grip strength during aging and indicate that the decline in explosive grip force may begin early during the aging process.
